Objective: In this study, we aimed to compare Bispectral Index (BIS) monitoring with the conventional anaesthesia approach based on haemodynamic changes in terms of anaesthetic agent consumption, haemodynamic recordings, recovery time and cost.
Introduction
T he main targets of anaesthesia are providing hypnosis, analgesia, and neuromuscular blockade and prevention of reflex responses. Currently, hypnotic level during anaesthesia is mainly monitored by haemodynamic responses and measurement of minimum alveolar concentration (MAC) of the inspired and expired inhalation anaesthetics. However, this application mostly supplants the true needs of the patient. While anaesthesia providing a superficial hypnosis state can be applied in a patient with fluid deficit, anaesthesia providing a deeper hypnosis can be applied in a hypertensive patient. Bispectral Index (BIS) derived from electroencephalography (EEG) measurements is used in determining anaesthesia depth and assessing the levels of sedation, hypnosis and consciousness.
In the present study, we aimed to compare conventional anaesthesia based on haemodynamic parameters and BIS guided anaesthesia based on haemodynamic parameters and BIS changes with in terms of anaesthetic agent consumption, hemodynamic parameters, recovery time and cost in patients undergoing surgery for supratentorial mass lesion.
Methods
This study was performed on 82 American Society of Anaesthesiologists (ASA) I-II patients aged between 20 and 60 years undergoing elective surgery for supratentorial mass lesions under general anaesthesia in the brain surgery operating rooms of Cerrahpaşa Medical Faculty after approval of İstanbul University Cerrahpaşa Medical Faculty Ethics committee. The study was commenced after signed informed consents were obtained from the patients. The patients with cardiac failure, renal failure, anaemia, ischemic heart disease, liver disease, gastrointestinal system disease, diabetes mellitus, hypothalamus-pituitary gland disorders, diuretic use, hypoalbuminemia, hyperglycaemia, electrolyte imbalance and alcohol consumption were excluded from the study. The patients who required hormone replacement therapy, those in pregnancy and lactation period and a psychiatric condition that would interfere with consent were also not included in the study.
The cases were randomly divided into two groups as BIS group monitored by BIS (Group BIS) and standard group monitored by haemodynamic parameters (Group Standard Control) in terms of anaesthesia depth.
Before the surgery, heart rate (HR), non-invasive arterial pressure (NIAP) and peripheral oxygen saturation (SpO 2 ) monitoring was performed in the preparation room, and the first measurements were recorded (Drager Infinity Kappa, PA, USA) and the patients were premedicated using 30-50 μg kg - Haemodynamic parameters (HR, SAP, DAP, MAP), BIS, end-tidal CO 2 (ETCO 2 ) and SpO 2 values were recorded before and after induction, after intubation, during skull pin placement (or during positioning in patients who were not applied skull pins), during brain manipulation, bleeding control and skin closure and after extubation. Rocuronium infusion was discontinued 30 minutes before the surgery ended, and propofol and remifentanil infusions were discontinued at the last skin sutures. Total dose of remifentanil (μg), rocuronium (mg) and propofol (mg), and the required amounts of remifentanil (μg kg -1 min ) adjusted per kilogram were recorded in both groups. The time to spontaneous breathing (TSB), and the time to eye opening (TEO) after intervention were also recorded. The patients were extubated and transTurk J Anaesth Reanim 2014; 42: 117-22 ferred to the postoperative recovery unit or intensive care unit when they regain consciousness, adequate depth and rate of breathing, and stable cardiovascular findings. The patients' haemodynamic parameters and SpO 2 values were recorded 10 minutes, and "modified Aldrete" scores were recorded 20 minutes after arrival to the postoperative recovery unit or intensive care unit (1). The patients' awareness during surgery was questioned asking "the last event they recalled about the surgery". Intraoperative fluid balance and bleeding amount were calculated by dividing to body mass index (BMI). Among patients who were transferred to the postoperative recovery unit, those with a Modified Aldrete score ≥9 were transferred to the ward. Patients who were taken to the intensive care unit were followed-up for at least one night and transferred to the ward according to their general condition.
Statistical analysis
Statistical Package for Social Sciences (SPSS) for Windows 13.0 program was used for the statistical analysis of study data. Descriptive statistics were presented as mean, and standard deviation, normal distribution of the data was tested using "Kolmogorov-Smirnov" test. In this evaluation, p>0.05 was considered as normal distribution, and inter-group comparisons of continuous variables was performed using t test, and discrete variables were compared using Chi square test. Intra-group multiple comparisons were performed using repeated measures "ANOVA", and "Bonferroni" test was used as "post hoc" test. The results were presented within 95% confidence interval and the significance level was accepted as p<0.05.
Results
The distribution of cases according to surgical diagnosis and age, gender, weight, height, body mass index and ASA grades of the groups were similar (Table 3 and 4) . There was also no difference between the groups regarding TOF values in the induction period, and fluid balance, bleeding amount, and total amounts of propofol, remifentanil and rocuronium use. There was no difference between the groups in terms of the values obtained by dividing the perioperative fluid balance and bleeding amount by BMI (Table 5) . Duration of surgery, time to eye opening and spontaneous breathing were similar in the groups, however, modified Aldrete score at 20 minutes was statistically significantly higher in the BIS group than that in the standard anaesthesia group (Table 5 ). There was no significant difference between the groups in terms of additional propofol, remifentanil and rocuronium (mg kg -1 hour -1 ) use according to weight and time ( (Figure 1 ). 
Discussion
Nowadays, many of the anaesthetists adjust the doses of pharmacological agents by monitoring haemodynamic responses and by measuring minimum alveolar concentrations of inspired and expired inhalation anaesthetics. However, these findings do not realistically reflect the hypnotic component of anaesthesia. Therefore, complications such as hypotension and delayed awakening may develop by deep hypnosis, and awareness may occur by superficial anaesthesia (2).
In our study, we divided patients undergoing supratentorial surgery into two groups. Requirement of anaesthetic drugs was monitored by standard hemodynamic findings in one patient group, and by BIS in the other. We compared anaesthetic drug consumption, haemodynamic responses and recovery time between the two groups.
Based on the results of previous prospective studies, considering that a BIS index of 40-60 during general anaesthesia provides an adequate hypnotic effect, we maintained the target BIS level as 40-60 in the maintenance period. In our study, the mean BIS values at baseline, maintenance and awakening periods were 93.54 (±6.55), 52.32 (±11.92), and 81.10 (±11.15), respectively.
There are various studies in the literature comparing BIS and haemodynamic based anaesthesia practices (3) (4) (5) (6) (7) (8) (9) . According to the results of these studies, while propofol use in BIS group range between 2.9 and 8.0 mg kg -1 hour -1 , it varies between 4.9 and 11.9 mg kg -1 hour -1 in the control group. It has been reported that the amount of propofol use is lower in BIS group (3) (4) (5) (6) (7) (8) (9) . We, in our study, found that propofol use was higher in the BIS group than that in the control group. However, the difference between the groups was not statistically significant. We consider that this situation is basically due to method discrepancies. While only propofol had been used to correct the haemodynamic changes in these studies, we used both propofol and remifentanil.
In our study, TSB was shorter and TEO was longer (2.6 min) in the BIS group in comparison to that in the control group (1.8 min), but the differences between the groups were not statistically significant. (3), and Kreuer and colleagues (9) found shorter TEO in the BIS group than that of the control group. In the literature, while TEO of the BIS group ranges between 3.4 and 8.1 min, it is between 8.1 and 10.9 min in the control groups. Method differences might explain the different results we obtained.
Anez and colleagues
Proviso studies report a shorter recovery time in BIS groups (4-9). Although we did not evaluate the recovery time in our study, we determined that BIS group achieved statistically significantly higher MAS values during the same duration and this finding is also consistent with the literature.
Studies using remifentanil reported no difference between BIS and control groups; as a matter of fact they found almost the same values in the two groups (4, 10). In our study, similar to those studies, we could not detect any difference between the groups in terms of remifentanil use.
In our study, as a NMB we preferred to use vecuronium in induction and rocuronium in maintenance. Total consumed rocuronium amount was lower in the BIS group (90.24 mg) in comparison to that in the control group (98.90 mg), however this difference was not significantly different. When consumption rates (mg/hour per kilogram) of the two groups were compared, it was found that BIS group (0.264 mg kg -1 hour -1
) had a lower consumption rate than the control group (0.3098 mg kg ), but this difference was also not statistically significant.
Song et al. (11) evaluated the consumed mivacurium dose in patients using desflurane and sevoflurane under the guidance of BIS and clinical findings. They reported that mivacurium use was significantly increased in sevoflurane and desflurane subgroups, where BIS monitoring is used. In our review of the literature, we could not detect any study using NMB infusion. We determined that NMB infusion was greater in the control group. This result suggests that the concern of patient motion was in the forefront in patients not monitored by BIS. Percentage (%)
We observed no incidence of intraoperative awareness. Myles et al. (12) in their study on 2463 patients compared the effects of standard anaesthesia with BIS on intraoperative awareness. They reported that BIS use decrease the incidence of awareness. However, even this study, performed on a large number of patients could only detect 13 patients who experienced awareness. Muralidhar and colleagues (6) also compared the effects of standard anaesthesia practice with BIS on intraoperative awareness, and chose the target BIS value as 45-55. They found no incidence of awareness in their study. We think that our findings are also consistent with the literature, and inclusion of a greater number of patients will help clarify this subject.
Whether suitable conditions for intubation were developed by neuromuscular blockade was tested by TOF monitoring. The time to reach a TOF ratio of 0 after vecuronium (0.1 mg g -1 ) application was recorded. While it was 157.5 sec in the BIS group, it was 137.46 sec in the control group. Statistically, there was no difference between the groups (p>0.05).
Among studies on BIS, very few of them compare intraoperative haemodynamic variables. Some of them are experimental, some of them are performed on a small number of patients and some only evaluate the intubation period (13) (14) (15) . We observed that the heart rates of the control patients in the 1 st and 2 nd period were statistically significantly higher than that of the BIS patients. This difference was not observed in the maintenance and awakening periods. We suggest that the difference observed at baseline was random, and the difference observed after induction is the continuing effect of the difference detected at baseline. Additionally, we observe that these differences are not clinically significant.
Bithal et al. (14) performed a study in patients undergoing cervical surgery using skull pins, and compared the haemodynamic and bispectral index changes following skull pin attachment with and without local anaesthetic infiltration (with 0.9% NaCl) of the scalp. They reported that BIS, HR and MAP were significantly increased in the normal saline group than that in the local anaesthetic group. As we used local anaesthetics during pin attachment, we did not observe significant differences between the groups in terms of haemodynamic variables.
An important subject of research in BIS studies is the effect of BIS on total cost. We also calculated the total cost of drugs and BIS at the end of our study. In the literature there are two studies evaluating the total drug cost, and they reported lower costs in the BIS group in comparison to that of the control group.
Mayer and colleagues (16) The cost of BIS monitoring according to Social Security Institution government price list is 11.86 TL in our country.
Therefore, it is difficult to say that there is a significant difference between BIS and control groups in terms of total patient cost. We think that the most important factor in BIS choice is indication. BIS should be used without considering the cost especially in awake craniotomy surgeries, in patients with a previous history of intraoperative awareness, or in surgeries having a high risk of awareness such as open heart surgeries and caesarean section.
We have the opinion that using a test for the evaluation of patient awareness would be appropriate and increasing the number of cases would allow a more definitive evaluation.
Conclusion
In the present study, we compared BIS-and haemodynamic-guided anaesthesia in terms of drug consumption, haemodynamic variables and awakening quality in patients undergoing supratentorial surgery. Our results suggest that BIS use does not provide a selective advantage in this regard. BIS use may be more essential in selected surgeries like awake craniotomy and in patient groups with a history of intraoperative awareness and high haemodynamic risk. In addition, we think that introducing BIS use in anaesthesia practice is important in terms of learning in research and education hospitals.
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